I ntroduction
In academic science today, peer review of contributions to the primary research literature is the principal social mechanism for quality control. 1 Since peer review is so central to what is published and where, and since so much hinges on peer review in and outside of science, it is essential that it is carried out well and professionally. 2 The authors carried out an extensive research project to establish whether the common criticisms of the peer-review process were justified in the case of Angewandte Chemie International Edition (AC-IE), a journal that publishes original research papers. In the context of this project, archive data were collected and evaluated on 1,899 submitted Communications that were reviewed in the year 2000. 3, 4 AC-IE is a journal of the German Chemical Society (Gesellschaft Deutscher Chemiker), Frankfurt am Main, Germany, and is published by Wiley-VCH (Weinheim, Germany). Peer review was introduced at AC-IE in 1982, primarily in conjunction with Communications (called 'letters' or 'notes' in other journals). In the AC-IE peer-review process, for most submissions a manuscript is published only if two external referees rate the results of the study reported in the manuscript as (very) important and also recommend publication in the journal -what we have called the 'clear-cut' rule. 5 Against the background of this 'clear-cut' rule, this study investigates the question of what would have happened if an editorial decision on a submission had been based on a third referee report in place of either the first or the second. Even though the 'clearcut' rule is based on two referee reports, submitted Communications generally go out to three referees in total. 6 The reason given for this is that, in the experience of the AC-IE editors, in today's increasingly busy climate 
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there are many referees who are unable to review papers because of other commitments. Also, the editors have a responsibility to authors to make a rapid, fair decision on the outcome of manuscripts. In addition to 385 submissions where three referees' reports were available at the decision time, in our database there are also 270 submissions on which the editorial decision was made based on two referee reports, and for which a third referee report arrived too late at the editorial office to be considered in the editorial decision.
Methods
Communications at AC-IE
Communications are short reports (limited to six manuscript pages) dealing with work in progress or recently concluded experimental or theoretical investigations in any of the various branches of chemistry. A Communication is expected to be of broad general interest, due to its significance, novelty, or wide applicability, or at least of special utility in the development of some important areas of research. It must also be written in such a way that even a non-specialist will recognize the significance that the author attaches to the findings. 7 Scientists publish research results in the form of Communications rapidly to establish priority claims 8 for their findings. The Journal of the American Chemical Society 9 stresses this criterion of urgency in its own definition: 'Communications are restricted to reports of unusual urgency, timeliness, significance, and broad interest.' The immediacy and the short length of the reports of research findings are hence important features of Communications, distinguishing them from research articles and reviews. 10 From 1984 to 2007 the number of Communications submitted to AC-IE rose from 449 to 5,489 5, 7 (and this trend is continuing); thus when reviewing Communications the editors are under considerable pressure to reach rapid publication decisions.
Review of Communications at AC-IE
A Communication submitted to AC-IE is usually subject to internal and external review. First, editors at the journal evaluate whether the Communication contributes to the development of an important area of research (internal review). 11 Currently, nearly 20% of submitted Communications are rejected by the editors directly at this stage. If the editors find that a Communication is an appropriate contribution, it goes out to independent referees (external review), 6 who review it and send in a report using an evaluation form and a comment sheet. 7 The referees know the authors' identities, but reviews are not signed (single blinding). The referees are asked to return their reviews to the editorial office within two weeks. This is a very short time period compared to the deadlines given to referees by other journals; a survey of editors of various specialist journals found that the deadline for referees is usually 3-4 weeks. 12 In the comment on referee X, the editor is referring to the two key questions on the evaluation form: 'How important do you consider the results?' and 'Do you recommend acceptance of the Communication?' From these and similar indications in the editors' letters, it seems that in general a Communication is published in AC-IE only if two referees rate the results of the study as important or very important and also recommend publication in the journal. Thus, the clear-cut rule seems to be that a Communication is published only if two referees choose the response category 'very important' or 'important' to the question, 'How important do you consider the results?' and also do not answer 'no' to the question, 'Do you recommend acceptance of the Communication?' The editors appear to deviate from this rule in only a few cases (see quotation above). If the referees have strongly conflicting opinions as to the importance of a submission (such as 'very important' and 'less important'), the editors ask a top adviser to review both the manuscript and the initial referees' reports.
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Database for the present study
For the investigation of manuscript review at AC-IE we were given access to information on all 1,899 Communications that were reviewed in the year 2000. The information was taken from archived material that was stored electronically by the publisher, Wiley-VCH. Of the 1,899 Communications reviewed, 878 (46%) were accepted for publication, and 1,021 (54%) were rejected. For 375 manuscripts a late referee report arrived at the editorial office after the editorial decision had been made. In 270 (72%) of these cases two external reviews had already been received; in the remaining 105 cases the sequence of events was more complicated (initial reviews, review of a revised manuscript, review by a top adviser, and so on).
We carried out statistical analysis of the question of what would have happened if the editorial decision had been based on a late referee report in place of either of the earlier ones, by looking at all Communications for which there was a complete set of answers by all three referees to both of the following two questions on the evaluation form: 'How important do you consider the results?' and 'Do you recommend acceptance of the Communication?' With only a few exceptions, referees that reviewed a revised manuscript or an author's appeal against rejection, and referees that were called in as top advisers, did not answer these two questions on the evaluation form; they used the comment sheet instead. In addition, many of the referees that provided the initial reviews did not answer the two questions. For this reason, only 162 of the 375 Communications mentioned above could be included in the statistical analysis of this study. For these 162 submissions, there were two referee reports, in the light of which an editor made a decision, plus a third report that arrived at the editorial office only after the publication decision had already been made. For the The luck of the referee draw: the effect of exchanging reviews 119 Length of time between editorial decision and the arrival of the late report at the editorial office
On average, the 162 third reports arrived at the editorial office approximately one week after a final decision had been made (mean = 1.16 weeks, SD = 1.86, min = 0, max = 15). In many cases, a third report on a Communication was forwarded to the author of the manuscript -regardless of whether it supported the final decision or not. This is the usual practice if the report contains good suggestions for improving the manuscript (before it is submitted by the authors for publication to another journal).
Statistical measure for agreement between referees
To assess the level of agreement between two referees' ratings of the same Communication, Cohen's kappa (κ c ) was used. κ c is a statistical measure of level of agreement between two or more raters. 14 If the raters are in complete agreement, then κ c = 1; if κ c is near 0, the observed level of agreement is not much higher than a chance level. According to the guidelines of Fleiss, 15 κ c < 0.4 indicates poor agreement and κ c > 0.75 excellent agreement; a figure between the two indicates good agreement: 'Multiplied by 100, κ indicates the percentage by which two raters' agreement exceeds the agreement that could be expected from chance' (p. 5). 14 If the two-sided P-value for κ c is <0.05 (i.e. if κ c is statistically significantly different from zero), the null hypothesis of purely random variation is rejected. The coefficient κ c has the problem 'that the maximum degree of agreement is reduced when raters use the categories at different rates'. 14 Brennan and Prediger 16 propose a variant of κ, named κ n , to solve this problem. In this study, both variants of κ are used to measure referees' agreement.
Limitations
This study did have some limitations. It covers only 162 submitted manuscripts, which represents only a small proportion (8%) of the 1,899 submitted Communications in the comprehensive dataset. To test the generalizability of the findings, it would be desirable to investigate the same question for other journals. Another limitation of this study might be that it downplays the undoubted role of the AC-IE editor's own judgement in difficult cases.
Results
The following section presents the results on agreement among the three referees; in the subsequent section we turn to the 'clear-cut' rule when the editorial decision is based on the first and second referee report, and thirdly we seek an answer to the question of what would have happened if the editorial decision had been based on the third report in place of either the first or the second.
Agreement between the first, second, and third referee
All of the referees' reports (numbered in Table 1 indicate a low level of agreement between R1 and R3 (κ n = 0.21) and between R2 and R3 (κ n = 0.24), but a good level of agreement between R1 and R2 (κ n = 0.56). This is an interesting result. Why is it that R3 (the late report) tends to disagree with the earlier reviews, while the earlier reviews tend to agree with each other? To find possible reasons for this difference, we tested agreement among R1, R2, and R3 for those Communications in the database of this study for which the editor had at his disposal three reports on which to base the publication decision (385 of the total 1,899 Communications). For 232 of these, all three referees answered both of the two key questions on the evaluation form (concerning importance of results and publication recommendation). Here too, all of the referees' reports gave a positive (+) rating to about half of the 232 Communications (R1: 56%, R2: 57%, and R3: 50%). However, the κ coefficients show a low level of agreement (according to the guidelines of Fleiss, 15, 16 between all three pairs of referees' ratings: R1 and R2 κ n = 0.04; R1 and R3 κ n = 0.27; R2 and R3 κ n = 0.18 (see Table 2 ). In particular, the agreement between R1 and R2 is extremely low.
How can this finding be interpreted? It suggests that the editor waits for a third report if the first two referees' responses to the two key questions do not agree. However, if they do agree, then the editor makes the decision based on the two reports available and does not wait for the third. Table 3 shows the relationship between the ratings of the two referees that were taken into consideration for the editor's decision to accept or reject the manuscript for publication, and the referee's rating in the third report. As Table 3 shows, the editors of AC-IE did indeed publish only those manuscripts that -following the 'clear-cut' rule described above -were rated positively (+) by both R1 and R2: 65 manuscripts were rated positively (+) by both referees and accepted for publication; 93 manuscripts were rated negatively (-) by one or both referees and rejected by the editors.
The editor's application of the 'clear-cut' rule with two reviews
There were only four cases where the editor did not adhere to the 'clear-cut' rule. These few deviations can be readily explained, however, based on further information contained in the archive material. One of the manuscripts was rejected for publication even though both referees had previously rated it positively (+); the manuscript was forwarded to AC-IE's sister journal ChemPhysChem (A European Journal of Chemical Physics and Physical Chemistry), in which it was published. In this case, the The luck of the referee draw: the effect of exchanging reviews 121 editor agreed with a referee's opinion that the results of the study reported in the Communication were important and definitely deserved publication but that the topic was too specialized in nature considering the general scope of Angewandte Chemie. In the editor's opinion, the manuscript would make an ideal contribution to ChemPhysChem. In addition, three manuscripts did not receive clear-cut recommendations from both R1 and R2 but were nonetheless published in AC-IE. Closer inspection of the referee reports reveals that in these cases, one referee gave the manuscript an extremely positive rating, and the second referee's criticism consisted in the recommendation that the manuscript was more suitable for publication in a specialized journal or as a full paper rather than in the form of a Communication. In the end, the editors did not follow the second referee's recommendations. Altogether, the results in Table 3 indicate that the editors followed the 'clear-cut' rule in all but a few cases, in reaching a publication decision. In order to validate this result, we examined the editors' decision practices on Communications for which the editor based his decision on two referees' reports and where there was no third report after the decision had been made. Did the editors also follow the clear-cut rule for these submissions? For 949 (50%) of the 1,899 manuscripts submitted there were two referees' reports available, in the light of which the editor made the decision. For 529 of these, the two referees answered both of the two key questions outlined above. In only 37 cases (7%) did an editor not follow the 'clear-cut' rule. We can therefore assume that the 'clear-cut' rule is the editors' common practice when making the publication decision based on two referee reports.
What would have happened if the editorial decision had been based on the third referee report in place of either the first or the second?
To answer this question we analyzed 158 cases where the editors followed the 'clearcut' rule when deciding to accept or reject a manuscript for publication (see Table 3 ). The analysis described below is therefore based on 98% of the cases -i.e. not including the four cases where the editor did not follow the 'clear-cut' rule. For how many of these Communications -according to the 'clear-cut' rule -would a different decision have been expected? As the results in Table 3 show, the editors might have made a On 33 manuscripts (21%), instead of a positive (+) and negative (-) rating, there would have been two (positive) 'clear-cut' recommendations in 14 cases (1%) if the positive (+) one of the original pair was chosen; these manuscripts would have been accepted rather than rejected; on the other hand, if the negative (-) one was chosen, the late review would still have resulted in rejection. Similarly, the negative ratings (-) received by the remaining 19 manuscripts in this group would not have affected the publication decision. For the 60 manuscripts rejected because the ratings in both R1 and R2 were negative (-), the rating in the third report (R3) was positive (+) in 22 cases, but this was unlikely to have changed the editorial decision; neither would it have changed in the remaining 38 cases when the third report was also negative (-). In other words, the editor's decision on 37 (2%) of the 1,899 submitted manuscripts might have been different if late reports had been received earlier.
As mentioned above, for 385 of the total 1,899 submissions, the editors based the decision whether or not to publish not on two but on three reviews. Having three referee reports prior to editorial decision is the second most frequent situation in the AC-IE database; the most frequent is two reports. For the 158 cases on which an editor has made a decision based on the 'clear-cut' rule (see Table 3) we also tested what would have happened if the third (late) referee report had been considered in the editorial decision in addition to (and not instead of) the first and second referee reports. This question can be answered only if the editors also followed a general rule when three referee reports were available. As the results for 232 of the 385 manuscripts show, when all three referees answered both of the key questions mentioned above, generally those submissions that received a positive (+) rating from at least two referees were accepted for publication (see Table 4 ). Only in the case of 21 Communications (9%) did the editors deviate from this rule (in many cases because another journal was seen as more suitable for publication of the manuscript). This means that, when three reviews are available, one negative (-) and two positive (+) reviews generally result in acceptance for publication, while one positive (+) and two negative (-) reviews lead to rejection (clearly, with three negative (-) reviews, the
The luck of the referee draw: the effect of exchanging reviews 123 Applying this rule to the 158 manuscripts in the database of this study (see Table 3 ), for the 33 that were rejected for publication based on one positive (+) and one negative (-) rating, a different decision would have been expected in 14 cases, since the third rating was positive (+); the remaining 19 would have been unaffected, since the rating was negative (-). For the 65 cases accepted by the editor with two positive (+) ratings (see Table 3 ), the third report would not have changed the decision. Whether the third report was positive (+) or negative (-), they, too, would be accepted for publication. Similarly, the recommendation of the third report could not affect the outcome in the 60 cases where the decision was made to reject based on two negative (-) ratings.
Discussion
The present study examined the question of what would have happened if the editorial decision had been based on a third referee report in place of either the first or the second referee report. As the editors at AC-IE follow a 'clear-cut' rule in their decisions on most submissions (i.e. a submission is accepted for publication only if the ratings of two referees are positive (+), as defined above), using the data from an extensive research project on the peer-review process at AC-IE we were able to seek an answer to the question as to the luck of the referee draw. As the results of this study show, the 'clear-cut' rule could have led to a different editorial decision for 23% of the submissions for which there was a third (late) referee report (37 of 162) -i.e. for about 37 (2%) of the total 1,899 submitted manuscripts.
Random elements, such as the order in which referees submit their reports, should not play a role in peer-review decisions. The editors at AC-IE as a rule send out a submitted manuscript to three referees, even though for the 'clear-cut' rule in most cases only two referee reports are used as a basis for the editorial decision. While requesting three referees to review a manuscript but not using all of the reports for the editorial decision may speed up the editorial process (and speed is very important when it comes to publishing Communications), the editors run the risk that a third, late, referee report would have suggested a different decision. However, if a manuscript is rejected for publication and the editors receive a late positive report, AC-IE does grant authors the option to appeal the decision.
With the very many manuscripts that are submitted to AC-IE, using a peer-review system that counts referee 'votes' (as in the 'clear-cut' rule here) is probably what makes the review process at all manageable. However, this practice could be seen as not following the best peer-review practices. Ideally, editors should not simply go along with referees' recommendations on whether to publish or not. 2 Low inter-referee agreement about a given manuscript is a common problem of the journal peer-review system. 17 According to Fletcher and Fletcher, 18 the opinions of two reviewers, even if chosen at random from all possible reviewers, are too few in themselves to yield a statistically stable basis for deciding whether or not the manuscript should be published. Indeed, one would need to have at least six reviewers, all favouring publication or rejection, for their votes to yield a statistically significant conclusion (P < 0.05). (p. 66) Editors may also select reviewers because they expect divergent opinions -in which case 'counting votes' makes no sense: 'If reviewers are advisers to editors, then that advice is richer if their reviews reflect different expertise and values, and as a result disagree on the overall strength of the manuscript.' 18 As the data on peer review at AC-IE show, the editors follow the 'clear-cut' rule in most but not all cases. With some submissions, the editors wait for a third referee report, even if two referee reports have already come in, or a top adviser may be consulted in a very controversial case. 
